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Currently, the therapeutic strategy against memory deficit induced by alcoholism is not
satisfactory and is expensive. Therefore, an effective, low-cost strategy is required. On
the basis of the memory-enhancing effect of stimulation of the HT7 acupoint, we aimed
to determine whether acupuncture at the HT7 acupoint can reduce alcoholism-induced
memory impairment. The possible underlying mechanism was also explored. Alcoholism
was induced in male Wistar rats weighing 180e220 g. The alcoholic rats received either
acupuncture at HT7 or sham acupuncture for 1 minute bilaterally once daily for 14 days.
Their spatial memory was assessed after 1 day, 7 days, and 14 days of treatment. At the
end of the study, the malondialdehyde level and the activities of catalase, superoxide
dismutase, glutathione peroxidase, and acetylcholinesterase enzymes in the hippocam-
pus were determined using colorimetric assays. The results showed that acupuncture
at HT7 significantly decreased the acetylcholinesterase activity and the malondialdehydeof Physiology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand.
anapornw@yahoo.com (J. Wattanathorn).
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acopuncture Institute.
24 N. Phunchago et al.level, but increased the activities of catalase, superoxide dismutase, and glutathione
peroxidase in the hippocampus. These results suggest that acupuncture at HT7 can effec-
tively reduce the alcoholism-induced memory deficit. However, further studies concern-
ing the detailed relationships between the location of the HT7 acupoint and the changes
in the observed parameters are required.1. Introduction
At present, drinking alcohol beverages is regarded as a
common feature of social gatherings. However, alcohol
consumption is the world’s third largest risk factor for
mortality and disability-adjusted life years [1,2]. Alcohol
use has been estimated to account for approximately 3.8%
of deaths globally and 4.6% of disabilities. In addition, the
estimated cost for this burden is equal to >1% of the gross
national product in high-income and middle-income coun-
tries [3]. Therefore, alcohol-related problems are impor-
tant issues of concern.
Excessive and long-term use of alcohol has long been
recognized as a cause of memory loss. Alcohol-mediated
memory impairments are characterized by a “continuum of
effects” ranging from the short-term memory impairments
seen in social drinkers to blackouts in some alcoholics
[4e6]. Accumulative lines of evidence have demonstrated
that memory impairments of chronic alcoholics are often
associated with alcohol-induced brain damage, particularly
damage to the hippocampus [7e9], and with the impair-
ment of cholinergic function [10,11].
Alcohol-induced brain damage is reported to be associ-
ated with the elevation of oxidative stress. Repetitive
consumption of alcohol increases oxidative stress both via
the increased oxidative stress formation and via the
decreased activities of scavenger enzymes [12], leading to
the effects of oxidative stress on various cell organelles and
resulting in neurodegeneration.
Acupuncture has been used for a long time to treat at a
low cost disorders associated with the use of alcohol and
drugs. It can successfully induce detoxification and
improve the withdrawal symptoms [13]. Recent findings
showed that acupuncture at some acupoints could
decrease oxidative stress, leading to neuroprotection
[14,15], and that acupuncture could modify neurotrans-
mission [16,17]. In addition, data obtained from functional
magnetic resonance imaging study demonstrate that the
stimulation of HT7 could activate brain regions involved in
learning and memory [18], improving the cholinergic
function and spatial memory [19]. Based on the roles of
oxidative stress and the hypocholinergic function in neu-
rodegeneration and memory impairment induced by
alcohol consumption and on the beneficial effect of HT7
stimulation on oxidative stress, cholinergic function, and
memory improvement mentioned earlier, we hypothesized
that stimulation at the HT7 acupoint might reduce oxida-
tive stress, improve cholinergic function, and reduce
memory impairment in patients suffering from disorders
induced by the use of alcohol. Owing to the limitation ofavailable scientific evidence, this study was carried out to
determine the effect of acupuncture at HT7 on spatial
memory in an animal model of alcoholism. In addition,
changes in the oxidative stress and the cholinergic function
in the hippocampus were explored to investigate the
possible underlying mechanism.
2. Materials and methods
2.1. Animals
Adult male Wistar rats, 8 weeks old, were used as experi-
ment animals. They were obtained from the National Lab-
oratory Animal Center, Salaya, Nakornpatom, Thailand. The
weight of the animals on the 1st day of the experiment
ranged from 180 g to 220 g. They were randomly housed at
six per cage and maintained in a 12-h:12-h light:dark cycle
and given access to food and water ad libitum. The ex-
periments were performed to minimize animal suffering,
and the experiment protocols were approved by the
Institutional Animal Care and Unit Committee, Khon Kaen
University, Thailand. All treatments in this study were
performed once daily between 9:00 AM and 6:00 PM.
2.2. Chemicals
Absolute ethanol was purchased from VWR International, LLC
(USA). Thiopental sodium sterile was purchased from Jagson-
pal Pharmaceuticals Ltd. (Haryana, India). Acetylthiocholine
iodide, 2-thiobarbituric acid (4,6-dihydroxypyrimidine-2-
thiol; TBA), cytochrome c, catalase (CAT), and other chem-
icals were purchased from Sigma-Aldrich Pte Ltd. (Singapore).
2.3. Experimental protocol
Alcoholism was induced in the animals using a semi-
voluntary intermittent intake method [20]. In brief, rats
were exposed to alcohol in their drinking water. The
alcohol concentration in the drinking water was gradually
increased in a stepwise fashion from 5% to 10%, 15%, and
20% in the first 4 weeks (5%/wk) in order to allow the rats to
get used to the taste of alcohol. The alcohol concentration
was further increased to 30% in the 5th week; then, it was
kept unchanged until the completion of 15 weeks. Rats that
showed increased responses to environmental stimuli, such
as easily being startled, irritability, hypervigilance, and
ataxia, were regarded as alcoholic rats. Then, the alcoholic
rats were randomly assigned to four groups of six animals
each as follows:
Group I (control group) Rats in this group received no treatment.
Group II (ethanol group) Rats in this group were administered alcohol via an oral route.
Group III (ethanol þ sham acupuncture group) Rats were administered alcohol via an oral route and received
acupuncture treatments at their tails, which served as a sham acupoint.
Group IV (ethanol þ acupuncture HT7 group) Rats were administered alcohol via an oral route and received
acupuncture treatment at the HT7 acupoint bilaterally.
Acupuncture reduces memory impairment in alcoholic rats 25All animals received the assigned treatment once daily
for a period of 14 days after chronic alcohol intake. Then,
their spatial memories were assessed using the Morris water
maze test after the administration of a single intervention
and at the 7th day and the 14th day of treatment. At the end
of the experiment, they were sacrificed, and their hippo-
campi were isolated for the determination of oxidative
damage markers, including the malondialdehyde (MDA)
level and the activities of superoxide dismutase, CAT, and
glutathione peroxidase (GSH-Px) enzymes. In addition, the
activity of acetylcholinesterase (AChE) in the hippocampus,
the crucial area for learning and memory, was determined.
2.4. Acupuncture treatment protocol
All rats were prehandled for 2 min/d for 3 consecutive days
prior to acupuncture treatments in order to decrease stress
and facilitate handling. Fifteen minutes prior to the
administration of acupuncture treatment, they were
anesthetized with sodium pentobarbital (40 mg/kg, intra-
peritoneally) to minimize the effect of restraint-induced
stress. Stainless-steel needles with a diameter of 0.18 mm
and a length of 20 mm were inserted vertically to a depth of
3 mm into the HT7 acupoint of the rats. The acupuncture
stimulation was manually delivered by twisting the
acupuncture needles at a frequency of twice per second for
a total of 1 minute of stimulation.
The anatomical locations of the stimulate acupuncture
points in the rats were equivalent to the acupoints in
humans, as described by Yoon and coworkers [21]. HT7 is
anatomically located on the transverse crease of the wrist
of the forepaw, radial to the tendon of the flexor carpi
ulnaris muscle. In the ethanol þ sham acupuncture group,
alcoholic rats were stimulated at a nonacupuncture point
located at the junction between the tail and the buttock
using the same procedures.
2.5. Determination of spatial memory
Spatial memory was evaluated using the Morris water maze.
The water maze was a cylindrical pool of 160 cm in diam-
eter and 60 cm in height, filled with water (approximately
42 cm deep) at a temperature of 23e24C, and the water’s
surface was covered with nontoxic milk powder. The pool
was divided into four quadrants, and a removable escape
platform was placed in the center of one quadrant below
the water level. The location of the platform was invisible,
and it remained there throughout the training. The animal
had to memorize the location of the platform by developing
a relationship between its location and the platform’s
location via the external cues. The time that each animalspent in the quadrant to reach the hidden platform was
recorded as the escape latency, whereas the time spent in
that quadrant when the animal was reexposed to the same
condition at 24 hours after the assessment of escape la-
tency was recorded as the retention time.2.6. Determination of oxidative stress markers and
enzyme activities
Rats were perfused with cold saline solution to get rid of
the blood from the brain tissue, and their hippocampi were
rapidly removed and stored at 80C until used. For the
determination of the oxidative stress markers, brains were
prepared as homogenate, and the level of MDA was deter-
mined using the thiobarbituric acid reaction, whereas the
activities of the GSH-Px, CAT, and superoxide dismutase
(SOD) enzymes were determined using the spectrophoto-
metric method.
The level of MDA, a lipid peroxidation product marker,
was determined using a thiobarbituric-acid-reacting sub-
stances assay. According to this reaction, thiobarbituric
acid that reacted with the MDA, a lipid peroxide substance
obtained owing to the effect of oxidative stress on poly-
unsaturated fatty acid, at a temperature of 95C for
60 minutes gave rise to the chromophore with a maximum
absorbance at 532 nm. The absorbance of the resultant pink
product was measured at 532 nm. 1,3,3-Tetra ethoxy pro-
pane was used as the reference [22].
The activity of SOD was determined based on the inhi-
bition of nitro blue tetrazolium reduction using the xan-
thineexanthine oxidase system as a superoxide generator.
The reduction of nitro blue tetrazolium was measured via
the absorbance at 560 nm. One unit of enzyme activity was
defined as the quantity of SOD required to inhibit the rate
of reduction of cytochrome by 50%. The SOD activity is
given as units per milligram of protein (U/mg protein) [23].
CAT activity was assayed spectrophotometrically. In
brief, the brain homogenate prepared as described earlier
was incubated using a H2O2 substrate and an enzymatic re-
action. The decomposition of H2O2 wasmonitored at 490 nm.
A system devoid of the substrate (hydrogen peroxide) served
as the control. The difference in absorbance per unit time
was expressed as the activity. One unit was defined as the
amount of enzyme required to decompose 1.0 M of hydrogen
peroxide/min at pH 7.0 and 25C [24].
GSH-Px was determined using t-butylhydroperoxide as a
substrate. The optical density was spectrophotometrically
recorded at 340 nm. One unit of the enzyme was defined as
1 mmol of reduced nicotinamide adenine dinucleotide
phosphate oxidized/min. GSH-Px activity was expressed as
units per milligram of protein (U/mg protein) [25,26].
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Figure 1 Effect of acupuncture at the HT7 acupoint on escape latency time in the Morris water maze test of various groups
(NZ 6). Data are expressed as mean  standard error of the mean. ###Z p < 0.001, compared to the control group. )Z p < 0.05,
))) Zp < 0.001, respectively, compared to alcoholic rats that received sham acupuncture.
26 N. Phunchago et al.AChE was analyzed based on the fact that this enzyme
catalyzed the hydrolysis of acetylthiocholine, which, in
turn, gave rise to the formation of acetate and thiocholine.
Thiocholine, in the presence of the highly reactive
dithiobisnitro-benzoate ion, generated a yellow color,
which was quantitatively monitored using the spectropho-
tometric absorption at 405 nm [27].
2.7. Statistical analysis
Data were expressed as the mean  standard error of the
mean and were statistically analyzed using one-way anal-
ysis of variance, followed by LSD post hoc test. The results
were considered statistically significant at p < 0.05.
3. Results
3.1. Effect of acupuncture on spatial memory
Figs. 1 and 2 show the effect of acupuncture at HT7 on the
escape latency and the retention times, the indices of
spatial memory, of various treatment groups for the Morris0
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Figure 2 Effect of acupuncture at the HT7 acupoint on retention
Data are expressed as mean  standard error of the mean. ### Z
compared to alcoholic rats that received sham acupuncture.water maze test. The data show that the alcoholic rats
exhibited a significant elevation of escape latency time,
but decreased retention time (p < 0.001, compared to the
control group). After a single administration of acupunc-
ture, no significant change in the escape latency was
observed. When acupuncture was prolonged, it was found
at the 7th day and 14th day of intervention to have signifi-
cantly reduced the increased escape latency times induced
by alcoholism (p < 0.05 and p < 0.001, respectively,
compared to the alcoholic rats that received sham
acupuncture), whereas no changes were observed in sham-
acupuncture-treated group. In addition, acupuncture also
improved the decreased retention time induced by alco-
holism (p < 0.001, compared to the alcoholic rats that
received sham acupuncture).
3.2. Effect of acupuncture on oxidative stress
markers
Because oxidative stress markers play crucial roles in
memory impairment in alcohol-related memory impair-
ment, we also investigated the effect of acupuncture on
the MDA level and the activities of SOD, CAT, and GSH-Px in7-day
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Figure 5 Effect of acupuncture at the HT7 acupoint on ac-
tivity of superoxide dismutase (SOD) enzyme in the hippo-
campus (NZ 6). Data are expressed as mean  standard error.
# Z p < 0.05, compared to the control group. ) Z p < 0.05,
compared to alcoholic rats that received sham acupuncture.
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The alcoholic rats showed decreased activities of CAT, SOD,
and GSH-Px enzymes, but increased MDA levels, in the
hippocampus (p < 0.01, p < 0.05, p < 0.05, and p < 0.001,
respectively, compared to the control group). Acupuncture
significantly reduced the elevated level of MDA and
increased the reduced activities of CAT, SOD, and GSH-Px
enzymes in the hippocampus (p < 0.001, p < 0.01,
p < 0.05, and p < 0.05, respectively, compared to the
alcoholic rats that received sham acupuncture), whereas
sham acupuncture produced no significant changes, as
shown in Figs. 3e6.
3.3. Effect of acupuncture on oxidative stress
markers and AChE enzyme activity
We also investigated the effect of acupuncture on cholin-
ergic function in the hippocampus after 14 days of
acupuncture treatment. In this study, we used the alter-
ation in AChE activity as an indirect index reflecting the
available ACh. The alcoholic rats showed significant ele-
vations of AChE (p < 0.01, compared to the control group),
indicating a low level of available of ACh. However, this
change was restored by acupuncture, but not by sham
acupuncture, as shown in Fig. 7 (p < 0.01, compared to the
alcoholic rats that received sham acupuncture).0
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Figure 3 Effect of acupuncture at the HT7 acupoint on the
malondialdehyde (MDA) level in the hippocampus (NZ 6). Data
are expressed as mean  standard error of the mean.
### Z p < 0.001, compared to the control group.
))) Z p < 0.001, compared to alcoholic rats that received
sham acupuncture.
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Figure 4 Effect of acupuncture at the HT7 acupoint on ac-
tivity of catalase (CAT) enzyme in the hippocampus (N Z 6).
Data are expressed as mean  standard error of the mean.
##Z p < 0.01, compared to the control group. ))Z p < 0.01,
compared to alcoholic rats that received sham acupuncture.
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Figure 6 Effect of acupuncture at the HT7 acupoint on ac-
tivity of glutathione peroxidase (GSH-Px) enzyme in the hip-
pocampus (N Z 6). Data are expressed as mean  standard
error of the mean. # Z p < 0.05, compared to the control
group. ) Z p < 0.05, compared to alcoholic rats that received
sham acupuncture.
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Figure 7 Effect of acupuncture at the HT7 acupoint on activity
of acetylcholinesterase (AChE) in the hippocampus (NZ 6). Data
are expressed as mean  standard error of the mean.
##Z p < 0.01, compared to the control group. )) Z p < 0.01,
compared to alcoholic rats that received sham acupuncture.4. Discussion
The current study has clearly demonstrated that acupunc-
ture enhances cognitive ability and decreases oxidative
stress and suppresses AChE activity in the hippocampus.
28 N. Phunchago et al.Nowadays, spatial memory is often assessed using the
Morris water maze test because it has more advantages
than other conventional mazes, such as the T maze and the
radial arm maze, which require a reward or reinforcement.
In this study, we found that alcoholic rats showed poor
performance both in the acquisition phase, which assessed
the encoding of spatial working information during the
learning step and served to guide future memory retrieval,
and in the probe trial, which assessed the retention mem-
ory. Acupuncture at HT7 enhanced the activities of the
main scavenger enzymes such as CAT, SOD, and GSH-Px, but
decreased the MDA level in the hippocampus. These find-
ings were in agreement with those of previous studies,
which demonstrated enhanced antioxidant levels [19,28]
and enhanced memory induced by stimulation at HT7
[19,28,29]. Because the elevation of oxidative stress plays a
crucial role in memory deficit, we suggest that decreased
oxidative stress played a role in the cognitive-enhancing
effect induced by acupuncture at HT7.
Recent findings have also shown that the cholinergic sys-
tem in the hippocampus plays a key role in ACh-associated
cognition [30]. The current data clearly demonstrated an
enhanced AChE activity in the hippocampus induced by
alcoholism, which was restored by acupuncture at HT7.
Therefore, we suggest that the improved cholinergic func-
tion after acupuncture treatment appears to be associated
with improved learning and memory. On the basis that
acupuncture at the sham acupoint failed to improve the
memory deficit in the alcoholic rats, we suggest that acu-
point location must also play a crucial role in the enhanced
learning and memory. Unfortunately, the understanding of
the details of the relationships between the location of the
HT7 acupoint and the changes in the observed parameters
are still not clear, so further exploration is required.
Taken together, our data demonstrated that acupunc-
ture at HT7 significantly improved cholinergic function and
decreased oxidative stress, which, in turn, gave rise to
improved learning and memory in alcoholic rats. However,
the limitation of this study was that we did not study the
effect of acupuncture at the HT7 acupoint in female rats.
Therefore, the effect of sex difference is still uncertain and
requires further study.
Acupuncture at the HT7 acupoint is an effective inter-
vention to mitigate memory deficit induced by alcoholism.
Because it exerts its effect via decreased oxidative stress
and enhanced cholinergic function, it may provide benefi-
cial effects as a neuroprotective and a cognitive enhancer
against other neurodegenerative disorders. However,
further exploration is essential.Disclosure statement
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